(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




lillliiiillilllillillliiillllilliilillilll 



(43) International Publication Date (10) International Publication Number 

12 September 2003 (12.09.2003) pCT WO 03/073920 A2 



(51) laternattonal Patent Classification^: A61B 1/00 

(21) International Application Nnmber: PCTAJS03/D6078 

(22) International Filing Date: 26 Febiuaiy 2003 (26.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

10/087,100 1 March 2002 (01.03.2002) US 

10/229.814 27 August 2002 (27.08.2002) US 

(71) Applicant ffo' all designated States except US): NEOGV- 
IDE SYSTEMS, INC. [US/US]; 548 Division Street, 
Campbell. CA9S008 (US). 



(74) Agents: HAN, Johney, U. et al.; Monison & Foeisten 
LLP. 755 Page Mill Road. Palo Alto, California 94304- 
1018 (US), 

(81) Designated States (national): AE, AG. AL. AM. AT, AU. 
AZ, BA. BB. BG. BR, BY, BZ, CA. CH, CN. CO, CR, CU. 
CZ, DE. DK, DM, DZ. EC, EE. ES. H. GB. GD. GE, GH, 
GM. HR, HU. ID, IL. IN. IS, JP. KE, KG, KP. KR, KZ, LC, 
LK, LR. LS, LT, LU. LV, MA, MD, MG. MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT. RO, RU, SC, SD. SE, 
SG. SK, SL. TJ. TM, TN. TR, TT, TZ, UA, UG, US, UZ, 
VC,VN.YU,ZA,ZM.ZW. 

(84) Designated States (regional): ARPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG. ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG. KZ, MD. RU. TJ. TM). 
European patent (AT. BE. BG. CH. CY, CZ, DE. DK. EE, 
ES. H. PR, GB, GR, HU, IB, IT, LU, MC, NL. PT, SE, SI, 
SK. TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW. ML, MR, NE, SN, TD. TG). 

Published: 

— -without international search rqxni and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations^ refer to the "Guid" . 
ance Notes on Codes and Abbreviations " c^)pearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(72) Inventors; and 
^= (75) Inventors/AppUcants ffor US onfy)x TARXAGLIA, 
^= Joseph, M. [US/US]; 1580S-D Uvas Road, Morgan 
s Hill, CA 95037 (US). BELSON, Amir [IL/US]; 200SO 
= Rodrigues Avenue, Apt C, Cupertino, CA 95014 (US). 
^5 OHUNE, Robert, Matthew [US/US]; 330 ^rl^utz Av- 
= enue. Redwood City, CA 94061 (US). 




^ (54) Title: ENDOSCOPE WITH GUIDING APPARATUS 

OS 

(57) Abstract: An endoscope with guiding apparatus is ckscribed herein. A steerable endoscope is described having an elongate 
\^ body with a manually or selectively ste«^ble distal portion, an automatically controlled portion, a flexible and passively manipulated 
proximal portion, and an externally controlled and manipulatable tracking rod or guide. The tracking rod or guide is positioned within 
a guide channel within the endoscope and slides relative to the endoscope. When the guide is in a flexible state, it can conform to 
a curve or path defined by the steerable distal portion and the automatically controlled portion. The guide can then be selectively 
^ rigidizcd to assume that curve or path. Once set, the endoscope can be advanced over the rigidizcd guide in a monorail or **piggy- 
^ back** fashion so that the flexible proximal portion follows the curve held by the guide until the endoscope reaches a next point of 
curvature within a body lumen. 
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ENDOSCOPE WITH GUIDING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of U.S. Patent Application Serial 

No. 10/087,100 entitled "Endoscope with Guiding Apparatus" filed March 1, 2002, which 
is a continuation-in-part of U.S. Patent Application Serial No. 09/969,927 entitled 
"Steerable Segmented Endoscope and Method of Insertion" filed October 2, 2001, which 
is a continuation-in-part of U.S. Patent Application Serial No. 09/790,204 entitled 
''Steerable Endoscope and Impioved Method of Insertion" filed February 20, 2001, which 
clauns Hie benefit of priority to U.S. Provisional Patent Application Serial No. 60/194,140 
CTtitled fhe same and filed Apnl 3 , 2000, all of vdiich are incorporated herein by reference 
in their entirety. 

FIELD OF THE INVENTION 
[0002] The present invention relates generally to endoscopes and endoscopic 
procedures. More particularly, it relates to a me&od and apparatus to &cilitate insertion of 
a flexible endoscope along a tortuous path, such as for colonoscopic examination and 
treatment. 

BACKGROUND OF THE INVENTION 
[0003] An endoscope is a medical instrument for visualizing the interior of a 
patient's body. Endoscopes can be used for a variety of different diagnostic and 
interventional procedures, including colonoscopy, bronchoscopy, thoracoscopy, 
laparoscopy and video endoscopy. 

[0004] Colonoscopy is a medical procedure in which a flexible endoscope, or 

colonoscope, is inserted into a patient's colon for diagnosti6 examination and/or surgical 
treatment of the colon. A standard colonoscope is typically 135-185 cm in length and 12- 
19 mm in diameter, and includes a fiberoptic imaging bundle or a miniature camera 
located at the instrument's tip, illumination fibers, one or two iostrument channels that 
may also be used for insufQation or irrigation, air and water channels, and vacuum 
channels. The colonoscope is inserted via the patient's anus and is advanced througih the 
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colon, allowing direct visual examination of the colon, the ileocecal valve and portions of 
the terminal ileum. 

[0005] Insertion of the colonoscope is complicated by the fact that the colon 

represents a tortuous and convoluted path. Considerable manipulation of the colonoscope 
is often necessary to advance the colonoscope through the colon, making the procedure 
more difBcult and time consuming and adding to the potential for complications, such as 
intestinal perforation. Steerable colonoscopes have been devised to facilitate selection of 
the correct path though the curves of tfie colon. However, as the colonoscope is inserted 
&rther and farther into the colon, it becomes more difiELcult to advance the colonoscope 
along the selected path. At each turn, the wall of the colon must maintain the curve in the 
colonoscope. The colonoscope rubs against the mucosal sur&ce of the colon along the 
outside of each turn. Friction and slack in the colonoscope build up at each turn, making it 
more and more difficult to advance, withdraw, and loop the colonoscope. In addition, the 
force against the wall of the colon increases with the buildup of friction. In cases of 
extreme tortuosity, it may become impossible to advance the colonoscope all of the way 
through the colon. 

[0006] Steerable endoscopes, catheters and insertion devices for medical 

examination or treatment of internal body stmctures are described ui ihe following U.S. 
patents, the disclosures of ^diich are hereby incorporated by reference in tiieir entirety: 
4,543,090; 4,753,223; 5,337,732; 5,337,733; 5383,852; 5,487,757; 5,624,381; 5,662,587; 
and 5,759,151. 

SUMMARY OF THE INVENTION 
[0007] Accordmgly, an improved endoscopic apparatus is disclosed herem for the 

^camination of a patient's colon, otiier internal bodily cavities, and any other spaces within 
the body with minimal impingement upon bodily cavities or upon flie walls of the organs. 
The disclosed apparatus may also be onployed for various surgical treatments of those 
regions, e.g., insufiEkdon, drug delivery, biopsies, etc. A steerable endoscope having an 
elongate body with a manually or selectively steerable distal portion, an automatically 
controlled portion, which may be optionally omitted from the device, a flexible and 
passively manipulated proximal portion, and an externally controlled and manipulatable 
tracking rod or guide is described below. The tracking rod or guide may be slidably 
positioned within a guide channel or lumen within the endoscope or it may be externally 
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positionable such that the guide and the endoscope may slide relative to one another along 
a tbH or channel located along an external surface of the endoscope. 
[0008] In operation, the steerable distal portion of the endoscope may be first 
advanced into a patient's rectum via flie anus. The endoscope may be simply advanced, 
either manually or automatically by a motor, until the first curvature is reached. At this 
point, the steerable distal portion may be actively controlled by the physician or surgeon to 
attain an optimal curvature or shape for advancement of the endoscope. The optimal 
curvature or shape is considered to be the path vMch presets the least amount of contact 
or interference firom the walls of Ihe colon. In one variation, once the desired curvature 
has been determined, the endoscope may be advanced further into flie colon such tiiat the 
automatically controlled segments of controllable portion follow the distal portion while 
transmitting the optixnal curvature or shape proximally down the remaining segments of 
the controllable portion. The operation of the controllable segments will be described in 
further detail below. 

[0009] In one variation, the guide is shorter than the full length of the endoscope, 

e.g., approximately the length of the controllable portion, and this shortened guide can be 
preloaded through the proximal end of the endoscope or through the handle of the 
endoscope. Once the guide is inserted, it may be advanced distally through the endoscope 
to the distal tip of the endoscope. As the user advances the endoscope distally, tiie 
automatically controlled segments of the proximal controllable portion propagate the 
selected curves down the endoscope, and the guide, in its flexible state, passively conforms 
to the shape ofthe desired pathway. Once the endoscope has advanced to a desired 
position, e.g. to a dqyth less than the leagfh ofthe controllable portion of the endoscope, 
tiie user can rigjdi7f th^ pri^^,flTi<^ r^«^"fa^" it nt that depth (or axial position). The 
endoscope can then be further advanced relative to the rigidized guide, sliding over the 
rigid guide and along the selected patiiway. Thus, tiie surgeon or physician only needs to 
lock the guide in position once. If tiie controllable region of tiie endoscope and the guide 
are each at least half of the length ofthe endoscope, the entire endoscope can conform to a 
selected pathway in this manner. It is also possible to reposition the guide easily by 
relaxing and/or unlocking it fmm its rigidized axial position and ibsa moving the guide 
into its new position. 

[0010] In an alternative variation, once the steerable distal portion has been steered 

or positioned for advancement, the guide may be advanced distally in its flexible state 
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along or within the endoscope until it reaches a distal position, i.e., preferably some point 
distal of the flexible proximal portion. Regardless whether the optional controllable 
portion is omitted or not from the device, the guide may be advanced near or to the end of 
the distal portion. Once the guide has been advanced, it may directly attain and conform to 
the curvature or shape defined by the steerable distal portion. 

[0011] Preferably, the guide is advanced to the distal end of steerable distal portion 

or, if the controllable portion is included in the device, the guide may be advanced to the 
distal end of the controllable portion, or to some point between the two portions. The 
guide may be advanced to any distal position as long as a portion of guide attains and 
conforms to the optimal curvature or shape. Prior to advancing the endoscope over fbe 
guide, the guide may be left in its flexible state or it may be optionally rigidized, as 
discussed further below. If left in its flexible stete, the guide may possibly provide 
desirable column strength to the endoscope as it is advanced through the colon over the 
guide. It is prefemble, however, that the guide is rigidized once it has attained and 
conformed to the curvature. This allows the flexible proximal portion, i.e., the passive 
portion, to remain flexible and lightweight in structure. As the position of the guide is 
preferably rigidized and maintained, the endoscope may then be advanced over the guide 
in a monorail or **piggy-back*' fashion so that the flexible proximal portion follows the 
curve held by the guide until the endoscope reaches the next point of curvature. 
[0012] * In some variations, the process of alternately advandng the guide and the 
mdoscope may be repeated to advance the entire endoscope through the colon wMle the 
guide may be alternatively rigidized and relaxed "wbUe being advanced distally. While the 
endoscope is advanced through the colon, the physician or surgeon may stop tiie 
advancement to examine various areas along tiie colon wall using, e.g., an imaging bundle 
located at the distal end of the endoscope. During such examinations,' the guide may be 
tenq>orarily withdrawn from the endoscope to allow for the insertion of other tools through 
the guide dumnel if there is no separate channel defined within the endoscope for the 
guide. The guide inay also be withdrawn through the ixistrument to any 1^ 
body of the endoscope. In other words, the guide may be witiidrawn partially or removed 
entirely from the endoscope at any time, if desked, because there are no constraints vAuxAi 
may limit the travel of the guide through the body of the endoscope. After a procedure has 
been completed on the colon wall, the tool may be withdrawn &om the guide channel and 
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the guide may be reintroduced into the endoscope so that the endoscope may optionally be 
advanced once again into the colon. 

[00131 A fiirther variation on advancing flie endoscope may use multiple guides 
which aie alternately rigidized while being advanced distally along a path. Althoi^ 
multiple guides may be used, two guides are preferably utilized. As the endoscopic device 
approaches a curvature, a first guide may be advanced in a relaxed and flexible state 
towards the steemble distal end of the device. While being advanced, the first guide 
preferably conforms to the shape defined by the distal end and the first guide may be 
subsequently rigidized to maintain this shape. The device may then be advanced fialher 
distally along the pathway while riding over the rigidized first guide. 
[0014] After the device has been advanced to its new position, a second guide may 

also be advanced distally in its relaxed state through the device up to the distal end while 
the first guide is maintained in its rigidized state. The second guide may then conform to 
the new shape defined by the distal end of the device and become rigidized to maintain this 
new shape. At this point, the fibtst guide is also preferably maintained in its rigid state xmtil 
tiie distal end of the device has been advanced fiirther distally. The first guide may then be 
relaxed and advanced while the rigidity of the second guide provides the strength for 
advancing tbie guide. This procedure may be repeated as necessary for negotiating the 
padiway. 

[0015] To wifhdmw fhe endoscope firom within flie colon, the procedmre above 
may be reversed such ihst the withdrawal minimally contacts the walls of the colon. 
Alternatively, the guide may shnply be removed fix>m the endoscope vMe leaving fhe 
endoscope within fhe colon. Alternatively, the guide may be left inside the endoscope in 
fhe relaxed mode. The endoscope may fhen be simply withdrawn by pulling the proximal 
portion to remove fhe device. Ihis method may rub or contact fhe endoscope i^n fhe 
walls of fhe colon, but any impingement would be minimal. 

[0016] The selectively steerable distal portion can be selectively steered or bent up 
to a full 180^ bend in any direction. A fiberoptic imaging bundle and one or more 
illumination fibers may extend fhrough fhe body fix>m the proximal portion to fhe distal 
portion. The illumination fibers are preferably in commxmication with a light source, i.e., 
conventional light sources, which may be positioned at some external location, or other 
sources such as LEDs. Alternatively, the endoscope may be configured as a video 
endoscope with a miniaturized video camera, such as a CCD camera, positioned at the 
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distal portion of the endoscope body. The video camera may be used in combination with 
the illumination fibers. Optionally, the body of the endoscope may also mclude one or two 
access lumens that may optionally be used for insufflation or irrigation, air and water 
channels, and vacuum channels, etc. Generally, the body of Ihe endoscope is highly 
flexible so that it is able to bend around small diameter curves without buckling or kinking 
while maintaining the various channels intact The endoscope can be made in a variety of 
other sizes and configurations for other medical and industrial £q)plicadons. 
[0017] In some variations the endoscope may optionally include a suction device 

that can withdraw air or other gases , e.g. gases used for insufflating the interior of a colon. 
In the example of insufflating a colon, the insufflated gas may be trapped within re^ons of 
the colon due to the sacculation and movement of the colon walls. To facilitate removal of 
these gases, the suction device may be utilized to withdraw these trapped gases as the 
endoscope is advanced or withdrawn through the colon. 

[0018] The suction device may comprise a suction tube positioned within the 

endoscope and connected to a suction port defined along the endoscope outer surfece at a 
location proximal of the distal tip. The suction port can apply suction at some distance 
from the tip of the endoscope so that the suction does not interfere with insufflation or 
other activities at the distal end of file endoscope. In one variation, the suction port is 
located in the distal half of ihe endoscope, approximately one-quarter down the length of 
the insertable portion of the endoscope, e.g., 40 to SO cm fix)m tiie steerable tip. Some 
variations may apply suction continuously, while otiiers allow the user to selectively 
control application of tiie suction. 

[0019] The optional controllable portion is composed of at least one segment and 
preferably several segments vAAch may be controllable via a computer and/or controller 
located at a distance fi:om the endoscope. In one variation, approximately half of the 
length of the endoscope is comprised of controllable segments. Each of the segments 
preferably have an actuator mechanically connecting adjacent segments to allow for tiie 
controlled motion of tiie segments in space. The actuators driving the segments may 
include a variety of different types of mechanisms, e.g., pneumatic, vacuum, hydraulic, 
electromechanical motors, drive shafts, etc. If a mechanism such as a flexible drive shaft 
were utilized, the power for actuating the segments would preferably be developed by a 
generator located at a distance from the segments, i.e., outside of a patient during use, and 
in electrical and mechanical communication with the drive shaft. Altematively, segments 
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could be actuated by push-pull wires or tendons, e.g. Bowden cables, that bend segments 
by distributing force across a segment, as described in *Tendon-Driven Endoscope and 
Methods of Insertion" filed August 27, 2002 (attorney docket number 5 14812000125), 
which is mcorporated in its entirety by reference. 

[0020] A proximial portion comprises the rest of the endoscope and pieferably a 
majority of the overall length of the device. The proximal portion is preferably a flexible 
tubing member that may conform to an infinite variety of shapes. It notay also be covered 
by a polymeric covering optionally extendable over the controllable portion and the 
steerable distal portion as well to provide a smooth transition between the controllable 
segments and the flexible tubing of the proximal portion. The controllable portion may be 
optionally omitted fiom the endoscope. A more detailed description on the construction 
and operation of the segments may be found in U.S. Pat Application Serial No. 
09/969,927 entitled "Steerable Segmented Endoscope and Mefliod of Insertion" filed 
October 2, 2001 , which has been incorporated by reference in its entirety. 
[0021] A proximal handle may be attached to the proximal end of the proximal 

portion and may include imaging devices connected to the fiberoptic imaging bxmdle for 
direct viewing and/or for connection to a video camera or a recording device. The handle 
may be connected to other devices, e.g,, illumination sources and one or several luer lock 
fittings for connection to various instrument channels. The handle may also be coimected 
to a steering control mechanism for controlling the steerable distal portion. The handle 
may optionally have the steerii^ control mechanism integrated directly into the handle, 
e.g., in the form of a joystick, conventional disk controller using dials or wheels, etc. An 
axial motion transducer may also be provided for measuring the axial motion, Le., the 
depth change, ofthe endoscope body as it is advanced and withidrawn. The axial motion 
transducer can be made in many possible configurations. As the body of tiie endoscope 
slides Ifarou^ the transducer, it may produce a signal indicative of the axial position of the 
endoscope body with respect to the fixed point of reference. The transducer may use 
various methods for measuring the axial position of the mdoscope body. 
[0022] The guide is generally used to impart a desired curvature initially defined 
by the steerable portion and/or by the optional controllable portion to the passive proximal 
portion when the endoscope is advanced. If held or advanced iato the steerable portion, 
the guide is preferably advanced to or near the distal tip ofthe portion. It is also used to 
impart some column strength to the proximal portion in order to maintain its shape and to 
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prevent any buckling when axially loaded. Preferably, the guide is slidably disposed 
within the length of the endoscope body and may freely slide entirely through the passive 
proximal portion, through the controllable portion, and the steerable distal portion. The 
extent to which the guide may traverse through the endoscope body may be varied and 
adjusted according to the application, as described above. Furthermore, the proximal end 
of the guide may be routed through a separate channel to a guide controller which may be 
used to control fhe advancement and/or withdrawal of the guide and which may also be 
used to selectively control the rigidity of the guide as controlled by the physician. 
[0023] The structure of the guide may be varied according to tiie desired 

application. The following descriptions of the guide are presented as possible variations 
and are not intended to be limiting in their structure. For instance, the guide may be 
comprised of two coaxially positioned tubes separated by a gap. Once the guide has been 
placed and has assumed the desirable shape or curve, a vacuimi force may be applied to 
draw out the air within the gap, thereby radially deforming one or both tubes such that they 
come into contact with one another and lock their relative positions. 
[0024] Another variation on the guide is one which is rigidizable by a tensionmg 

member Such a guide may be comprised of a series of individual segments v^ch are 
lotatably interlocked with one another m series. Each segment may further define a 
common channel through which a tensioning mmibo: may be positioned while being held 
between a proximal and a distal segment During use, the tensioning member may be 
slackened or loosened enough such that the guide becomes flexible enough to assume a 
sh^ or curve defined by the endoscope. Wh^ the guide is desirably situated and has 
assumed a desired shape, the tensioning member may then be t^isioned, tiiereby drawing 
each segment tightly against one another to hold the desired shape. 
[0025] Another variation may use a guide wMdi is comprised of interloddng ball- 

and-socket type joints which are gasketed at flieir intet&ces. Such a design may utilize a 
vacuum pump to selectively tighten and relax the individual segments against one another. 
Other variations may include alternating ci^ped segments and ball segments, a series of 
collinear sleeve-hemisphere segments, as well as other designs which may interfit widi one 
another in series. Such a guide may be tightened and relaxed either by tensioning 
members or vacuum forces. 

[0026] A further variation on the guide is a coaxially aligned stiffening member. 

This assembly may include a first subassembly comprising a number of collinearly nested 
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segm^its vAAch may be held by a tensioning member passing through each segment. The 
first subassembly may be rigidized from a flexible or flaccid state by pullmg on this 
tensioning member. A second subassembly may comprise a number of annular segments 
also collinearly held relative to one anoflier with one or more tensioning members passing 
flirough each annular segment The second subassembly preferably defines a central area 
in which the first nested subassembly may be situated coaxially within flie second 
subassembly. The first subassembly is preferably slidably disposed relative to the second 
subassembly thereby allowing each subassembly to be alternately advanced in a flexible 
state and altemately rigidized to allow flie other subassembly to be advanced. This design 
presents a small cross-section relative to the endoscope or device through \^ch it may be 
advanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] Fig. 1 shows a representation of a conventional endoscope in use. 

[0028] Fig. 2 A shows a variation of an endoscopic device of the present invention. 

[0029] Fig. 2B and 2C show side sectional views of another variation of the 
present invention. 

[0030] Fig. 3 A shows a side view of an endoscopic device variation with the outer 
layers removed to reveal a guiding apparatus disposed within. 
[0031] Figs. 3B and 3C show ax>ss-sectional views of various examples for 
obstructing flie guide lumen of the endoscope. 

[0032] Figs. 4A to 4C show cross-sectional views of various examples of guiding 
qiparatus which may be used to guide an endoscope. 

[0033] Figs. 5 A and 5B show flie cross-sectioned end and side views, respectively, 

of a guiding s^aratus with a vacuum-actuated rigidizing variation. 

[0034] Figs. 6A and 6B show the cross-sectioned end and side views, respectively, 

of a guiding apparatus witii a tensioning or pre-tensioned element for rigidizing the guide. 

[0035] Figs. 7A and 7B show the cross-sectioned end and side views, respectively, 

of a guiding apparatus with a segmented vacuum-actuated rigidizing variation. 

[0036] Figs. 8 A and 83 show the cross-sectioned end and side views, respectively, 

of a guiding apparatus with interconnecting jointed segments for rigidizing the guide. 

[0037] Figs. 9A to 9C show end, side, and cross-sectioned views, respectively, of 

another variation on the guiding apparatus. 
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[0038] Fig. 10 shows the cross-sectioned side view of another variation on the 

guiding apparatus having alternating bead and sleeve segments. 

[0039] Fig. 1 1 A shows a side view of a nested guiding apparatus which is part of a 

coaxial stiffening assembly. 

[0040] Fig. 1 IB shows a side view of an annular guiding apparatus which is also 

part of tiie coaxial stiffening assembly. 

[0041] Fig. 1 IC shows Ihe combination of the guides from Figs. 1 1 A and 1 IB. 

[0042] Fig. 12A and 12B illustrate a representative example of advancing the 

endoscope along a tortuous pathway using a single rigidi2dng step. 

[0043] Figs. 13A to 13H illustrate a representative example of advancing an 

endoscope through a patient's colon using a guiding apparatus to assist in advancing the 

endoscope. 

[0044] Figs. 14A and 14B show a variation on the withdrawal of the endoscope 

with or without the guiding apparatus for the selective treatment of sites along the patient's 
colon. 

[0045] Figs. 15A to 15C illustrate a representative example of advancing an 

endoscope through a tortuous path usmg the coaxial guiding apparatus llA 

to lie. 

[0046] Figs. 16A to 16E illustrate another variation of advancing an endoscope 
through a tortuous pafh usmg multiple gdding qppaiatu 

DETAILED DESCRIPllON OF THE INVENTION 
[0047] Fig. 1 shows a prior art colonoscope 10 bemg employed for a colonoscopic 
^camination of a patient's colon C. The colonoscope 10 has a proximal handle 16 and an 
elongate body 12 with a steerable distal portion 14. The body 12 of tiie colonoscope 10 
has been lubricated and inserted into the colon C via the patirafs anus A. Utilizing the 
steerable distal portion 14 for guidance, the body 12 of tiie colonoscope 10 has been 
maneuvered tiirougih several turns in tiie patient's colon C to the ascending colon G. 
Typically, this involves a considerable amount of manipulation by pushing, pulling and 
rotating the colonoscope 10 fcom the proximal end to advance it through the turns of the 
colon C. After the steerable distal portion 14 has passed, the wall of the colon C m ain t ai n s 
tiie curve in the flexible body 12 of the colonoscope 10 as it is advanced. Friction 
develops along the body 12 of the colonoscope 10 as it is inserted, particularly at each turn 
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in the colon C. Because of the friction, when the user attempts to advance the colonoscope 
10, the body 12' tends to move outward at each curve, pushing against the wall of the 
colon C, vMch exacerbates the problem by increasing the friction and making it more 
difficult to advance the colonoscope 10, On the oflier hand, when the colonoscope 10 is 
withdrawn, the body 12** tends to move mward at each curve taking up the slack that 
developed when the colonoscope 10 was advanced. When the patioit's colon C is 
extremely tortuous, the distal end of the body 12 becomes unresponsive to the user's 
manipulations, and eventually it may become impossible to advance the colonoscope 10 
any farther, hi addition to the difficulty that it presents to the user, tortuosity of the 
patient's colon also increases the risk of complications, such as intestinal perforation. 
[0048] Fig. 2A shows a variation of the steerable endoscope 20 of the present 

invention. The endoscope 20 has an elongate body 21 with a manually or selectively 
steemble distal portion 24, an automatically controlled portion 28, which may be 
optionally omitted from the device, a flexible and passively manipulated proximal portion 
22, and an externally controlled and manipulatable trackmg rod or guide 36 which may be 
slidably positioned within the endoscope 20. 

[0049] The selectively steerable distal portion 24 can be selectively steered or bent 

up to a fldl 180** bend in any dh^ction 26, as shown in the figure. A fiberoptic imaging 
bundle 4 0 and one or more illumination fibers 42 may extend fhrough the body 21 from 
the proximal portion 22 to tiiie distal portion 24. Alternatively, the endoscope 20 may be 
configured as a video endoscope with a miniaturized video camera, such as a CCD camera, 
positioned at the distal portion 24 of &e endoscope body 21. The images &om the video 
camera can be transmitted to a video monitor by a transmission cable or by wireless 
transmission where images may be viewed in real-time or recorded by a recordmg device 
onto analog recording medium, e.g., magnetic tapc^ or digital recording medium, e.g., 
compact disc, digital t^,ete. Optionally, the body 21 oftiie endoscope 20 may mclude 
one or two access lumens 38 that may optionally be used for illumination fibers for 
providing a light source, insufflation or irrigation, air and water channels, and vacuum 
channels. Generally, the body 21 of the endoscope 20 is highly flexible so that it is able to 
bend around small diameter curves without buckling or kinking while m a int a inin g the 
various channels intact. When configured for use as a colonoscope, the body 21 of the 
endoscope 20 may range typically from 135 to 185 cm in length and about 13-21 mm in 
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diameter. The endoscope 20 can be made in a variety of other sizes and configurations for 
other medical and industrial applications. 

[0050] The optional controllable portion 28 is composed of at least one segment 
30, and preferably several segments 30, which may be controllable via a computer and/or 
controller located at a distance from the endoscope 20. Each of the segments 30 preferably 
has an actuator mechanically connecting adjacent segments 30 to allow for the controlled 
motion of the segments 30 in space. The actuators driving the segments 30 may include a 
variety of different types of mechanisms, e.g., pneumatic, hydraulic, electromechanical 
motors, ''off board" powered drive shafts, tendons, etc. A proximal portion 22 comprises 
the rest of flie endoscope 20 and preferably a majority of the overall length of the device 
20. Proximal portion 20 is preferably a flexible tubing member which may conform to an 
iniBnite variety of shapes. It notay also be covered by a polymeric covering 39 optionally 
extendable over controllable portion 28 and steerable distal portion 24 as well to provide a 
smooth transition between the controllable segments 30 and the flexible tubing of proximal 
portion 22, The proximal portion 22 may be made from a variety of materials such as 
thomoset and thermoplastic polymers which are used for fabricating the tubing of 
conventional endoscopes. 

[0051] A proximal handle 32 may be attached to the proximal end of the proximal 

portion 22. The handle 32 may include an ocular 33 coimected to the fiberoptic imaging 
bundle 42 for direct viewing. The handle 32 may otherwise have a connector for 
connection to a video camera, e.g., a CCD camera, or arecording device. The handle 32 
may be connected to an illumination source 43 by an illumination cable 44 that is 
connected to or continuous with the illumination fibers 42. One or several luer lock 
fittings 3 4 may be located on tiie handle 32 and connected to tiie various instrument 
channels. 

[0052] The handle 32 is connected to an electronic motion controller 45 by way of 
a controller cable 46. A steering control 47 may be connected to the electronic motion 
controller 45 by way of a second cable 48 or it may optionally be comiected directly to the 
handle 32. Alternatively, the handle may have the steering control medianism integrated 
dhecdy into the handle, e.g., in the form of a joystick, conventional disk controllers such 
as dials or wheels, etc. The steering control 47 allows the user to selectively steer or bend 
the selectively steerable distal portion 26 of the body 21 in the deshed direction. The 
steering control 47 may be a joystick controller as shown, or other known steering control 
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mechanism. The electronic motion controller 45 controls the motion of the automatically 
controlled proximal portion 28 of the body 21. The electronic motion controller 45 may be 
implemented using a motion control program running on a microcomputer or using an 
application-specific motion controller. Alternatively, the electronic motion controller 45 
may be implemented using, e.g., a neural network controller. 
[0053] An axial motion transducer 49 may be provided for measurii^ the axial 
motion, i.e., the deptii change, of the endoscope body 21 as it is advanced and >vi1hdrawn. 
The axial motion transducer 49 can be made in many possible configurations. For 
example, the axial motion transducer 49 in Fig. 2 A is configured as a ring 49 tiiat may 
surround the body 21 of the endoscope 20. The axial motion transducer 49 is preferably 
attached to a fixed point of reference, such as the surgical table or the insertion point for 
the endoscope 20 on the patient's body. As the body 21 of the endoscope 20 slides 
through the axial motion transducer 49, it produces a signal indicative of the axial position 
of the endoscope body 21 with respect to the fixed point of reference and sends a signal to 
the electronic motion controller 45 by telemetry or by a cable. The axial motion 
transducer 49 may use optical, electronic or mechanical methods to measure the axial 
position of the endoscope body 21. 

[0054] Similarly, when the endoscope body 21 is withdrawn proximally, each time 

the endoscope body 21 is moved proximally by one unit, each section in the autonoatically 
controlled proximal portion 28 is signaled to assume the shape of the section that 
previously occiq)ied the sfpace that it is now in. The curve propagates distally along the 
length of tiie automatically controlled proximal portion 28 of the endoscope body 21, and 
the shaped curve appears to be fixed in space, as the oidoscope body 21 withdmws 
proximally. Alternatively, the segments of controlled portion 28 could be made to become 
flaccid and the withdrawal would tiien be passive. « 
[0055] Whatever the endoscope body 21 is advanced or withdrawn, the axial 
motion transducer 49 detects the change in position and the electronic motion controller 45 
propagates the selected curves proximally or distally along the controllable portion 28 of 
the endoscope body 21 to maintain the curves in a spatially fixed position. The axial 
motion transducer 49 also allows for the incrementing of a current dq)th within the colon 
C by the measured change in depth. This allows the endoscope body 21 to be guided 
through tortuous curves without putting unnecessary force on the wall of the colon C. As 
mentioned above, such a segmented body 30 within the controllable portion 28 may be 
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actuated by a variety of methods. One method involves the use of electromechanical 
motors which may be individually mounted on each segment 30 to move the segments 30 
relative to one another. Each segment 30 preferably defines at least one lumen running 
through it to provide an access channel through which wires, optical fibers, air and/or 
water channels, various endoscopic tools, or any variety of dcArices and wires may be 
routed throu^ 

[0056] A more detailed description on the construction and opemtion of the 
segments may be found m U-S. Pat Application Serial No. 09/969,927 entitled "Steerable 
Segmented Endoscope and Method of Insertion*' filed October 2, 2001 , which has been 
incorporated by reference in its entirety. 

[0057] The guide 36 is generally used to impart a desired curvature uiitially 

defined by the steerable distal portion 24 and/or by the optional controllable portion 28 to 
the passive proximal portion 22 when the endoscope 20 is advanced If the guide 36 is 
advanced into the steerable distal portion 24, guide 36 is preferably advanced to or near the 
distal tip of the portion 24. The guide 36 may also be used partly to impart some column 
strength to the proximal portion 22 in order to maintain its shape and to prevent any 
buckling when axially loaded, such as when the endoscope 20 is advanced flirough a 
patient's colon. Construction of an endoscope 20 with the use of the guide 36 not only 
sinq)lifies the control systems involved but it also represents a cost efficient device. 
Operation of the endoscope 20 with guide 36 will be discussed in detail below. 
[0058] Preferably, the guide 36 is slidably disposed within the lengtii of the 
endoscope body 21 and may fireely slide entirely through the passive proximal portion 22, 
through tiie optional controllable portion 28, if utiUzed in the endoscope, and the steerable 
distal portion 24. Odde 36 may also be withdrawn through the mstnunent to any 1 
within the body of endoscope 20. Moreover, guide 36 may be removed entirely &om 
endoscope 20, if desired e.g., to accommodate additional working tools. In otiier words, 
there are preferably no constraints which inayliinit the . 
of endoscope 20. 

[0059] Guide 36 may be advanced througfh proximal handle 32; alternatively, guide 

36 may also be routed through a separate channel 37 dedicated to the guide 36. Channel 

37 is preferably attached to endoscope 20 near a proximal end of fee instrument, such as a 
location off the proximal portion 22, and leads to a guide controller 41 which may be used 
to advance and^or withdraw guide 36 through endoscope 20. Guide controller 41 may also 
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be used to selectively rigidize and relax guide 36 during use within a patient. Having 
guide controller 41 and proximal handle 32 separated may allow for the ease of use for the 
physician manipulating the endoscope 20. To aid in advancing guide 36 through 
endoscope 20, a pulley mechanism may be affixed within the steerable distal portion 24 
through which a pull wire may extend over to comiect the distal end of the guide 36 to a 
location outside the endoscope 20 for manipulation by tiie physician. 
[0060] To facilitate tibe movement of guide 36 through endoscope body 21, a 
lubricious covering or coating may be applied over at least a majority of the length of 
guide 36 or onto the inner surface of the lumen through which guide 36 traverse, or both. 
Such coverings may include various polymers and plastics, e.g., PTFE, etc., which may 
simply cover the guide 36 length or which may be heatshrunk, coated, or bonded onto 
guide 36, depending upon the material used. The extent to which guide 36 traverses 
through the endoscope body 21 may be varied and adjusted according to the application. 
[0061] Figs. 2B and 2C show sectional partial views of a variation of the 

endoscope that is capable of single-step use of the guide. In these variations, the axial 
length of tiie guide 51 is shorter than the insertable lengfli of the endoscope 23. The 
endoscope body 21 includes a steerable distal tip 24 and a proximal controllable region 28 
that is comprised of fl«ible segments 30. Approximately half of the length of the 
endoscope body may be composed of controllable segments 30, and the remaining 
proximal part oftiie endoscope is flexible passive portion 22. Thelengthof theguideSl is 
approximately half that of the endoscope body 23. Although the guide 51 is freely slidable 
within lumea 50 of the endoscope 23 in the variation shovm, the guide 51 may be 
preloaded through the distal end of tiie endoscope 23 before insertion into tiie body. 
Alternatively, tiie guide 51 could be positioned as described above. The guide 51 can be 
rigidized and held in place by the tensioning wire 36. The combination of steerable distal 
tip 24, controllable proximal portion 28 and guide 51 m this variation of the invention 
sinq)lifies tiie use of the rigidizable guide 51 because the guide 51 only has to be rigidized 
and locked into position once. 

[0062] Fig. 2C shows anotiier, slightiy magnified, sectional view of the endoscope 
of Fig. 2B. This view illustrates an optional suction device 53, e.g., a negative pressure 
pump device, which may be fluidly connected to suction port 202 through suction tube 
204. Suction device 53 is preferably located externally of the patient during use. Because 
insufflated air or gas may be trapped within regions of the colon due to the sacculation and 
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movement of the colon walls, the suction device 53 may be used to facilitate removal of 
these gases as the endoscope is advanced or withdrawn through the colon. The suction 
port 202 shown is preferably located at some point proximal of distal end 24, e.g., 
approximately one quarter of the length of the endoscope body 23. This suction port can 
be located virtually anyv^eie along flie length of the ^doscope, but it is preferably 
located sudi that it does not interfere with the insufSation process at or near the distal tip. 
[0063] Fig. 3 A ^ows an isometric view of a length of the endoscope 20, in this 
example part of the proximal portion 22, with a section of the endoscope body 20 removed 
for clarity. As seen, a representative illustration of the guide 36 may be seen disposed 
within guide channel or lumen 50 within the proximal portion 22. Lumen 50 may be an 
existing working channel, i.e., an access channel for other tools, or it may be a designated 
channel for guide 36 depending \xpon the desired application. Guide 36 may be inserted 
within guide channel 50 through the endoscope handle 32 and pushed proximally through 
the remainder of the device, as seen in Fig. 2A; or preferably, it may be pushed proximally • 
or pulled distally, as necessary, througih a separate guide controller 41, as discussed above. 
Although guide 36 is shown in this variation as being slidably disposed interiorly of 
endoscope body 20, it may also be disposed exteriorly of the body 20 to slide along a 
guide rail or exterior channel in other variations. 

[0064] If guide 36 is located within a dedicated channel, such as lumen SO, the 
distal end of tins chamiel is preferably closed or blocked at some distal location, e.g., 
within steerable distal portion 24 or within optional controllable portion 28, to prevent the 
influx of bodily fluids witihm lumen 50. Because an enclosed lumen 50 would fiir&er 
prevent contact of bodily fluids with guide 36, the amount of cleaning or sterilization of 
guide 36 is reduced. 

[0065] If lumen 50 were left as an open diannel, additional sterilization or cleaning 
and disinfecting of guide 36 and lumen 50 may be necessary. Alternatively, lumen 50 may 
be left as an open diannel but configured to have optional closing mechanisms, as shown 
in the examples of Figs. 3B and 3C, taken fiom Fig, 3A. Fig. 3B shows an end view of a 
trap or door 54 yMdi is held within tiie body of the instrument and which may be rotated 
about a pivot 56 ui the direction of tiie arrow to close access to lumen 50. Trap 54 may be 
closed during insertion of the instrument within a patient and then optionally opened to 
allow for working tools to be inserted therethrough. Fig. 3C shows another example where 
lumen 50 may be obstructed by an inflatable balloon 59 which may selectively expand to 
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completely obstruct the passageway. Balloon 59 may be made of conventional materials 
and may be held within a compartment or step 58 such that lumen 50 is unobstructed when 
balloon 59 is deflated. These examples merely present variations and are not meant to 
limit the scope of the invention. Alternative designs and variations are intended to be 
within the scope of the present invention. 

[0066] Figs. 4A to 4C show variations on possible cross-sections 4A-4A, 4B-4B, 

and 4C-4C, respectively, taken firom Fig. 3A. Fig. 4A shows a simplified cross-section 22' 
of a guide 36 having a circular diameter slidably disposed within proximal portion 22. As 
seen, guide 36 may be slidably positioned within channel 50% vMch may also be used as a 
working channel upon removal of guide 36 during, e.g., a colonoscopy procedure, for 
providing access for various instruments or tools to a treatment site. Fig. 4B shows 
another possible variation in cross-section 22" where guide 36 is positioned within channel 
50**. The variation of the proximal portion in cross-section 22" may include a number of 
access lumens 52 optionally formed within the body of the device 20. These lumens 52 
may run through the length of device 20 and may be used for various applications, e.g., 
illumination fibers, laparoscopic tools, etc. Although fliree lumens 52 are shown in the 
figure, any number of channels as practically possible may be utilized depending upon the 
application at hand. Fig. 4C shows another variation in cross-section 22''\ In this 
variation, guide 36' may be formed into a semi-circular or elliptical shape to slide within a 
similarly shsqped channel 50"'. In this example, proximal portion 22"' also mcludes a 
working channel 52' yMch may be shaped accordingly to fit wifliin the body 22"' along 
with channel 50"' to maintain a working channel wi&out having to remove guide 36'. 
any of the above examples, the working or guide channels are prefi^:ably integral structures 
within tiie body of endoscope 20. Having an integrd stnicture eliminates the need for a 
separate lumened structure, e.g., a separate sheath, througfh which guide 36 or any otfier 
tools may be inserted. Another variation utilizing multiple channels and multiple guides 
will be described in finther detail below. These variations are not intended to be limiting 
but are mmly presented as possible variations. Other structures and variations thereof 
may be recognized by one of skill in the art and are intended to be within the scope of tiie 
claims below. 

[0067] The structure of the guide may be varied according to the desired 

application. The following description on the guide is presented as possible variations and 
are not intended to be limiting in thek structure. Figs. 5 A and SB show cross-sectioned 
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end and side views, respectively, of a guiding apparatus variation which is rigidizable by a 
vacuum force applied within the guide. It is preferable that the guide is selectively 
rigidizable, i.e., when the guide assumes a shape or curve in a flexible state, the guide may 
be rigidized to hold that shape or curve for a predetermined period of time. Although the 
endoscope structure of the present invention may utilize a guide vdiich remains in a 
relatively flexible shapOj it is preferable to have the guide be selectively rigidizable. 
[0068] Guide 60 may be comprised of two coaxially positioned tubes, outer tube 
62 and inner tube 64, which are separated by a gap 66 between the two tubes. Innertube 
64 may define an access lumen 68 throughout the length of the tube to provide a channel 
for additional tools or other access devices. Both tubes 62, 64 are prefembly flexible 
enough to be bent over a wide range of angles and may be made fix)m a variety of 
materials such as polymers and plastics. They are also preferably flexible enough such 
that either tiie outer tube 62, inner tube 64, or both tubes are radially defonnable. Once 
guide 60 has been placed and has assumed the desirable shape or curve, a vacuum force 
may be applied to draw out the air within gap 66. This vacuum force may radially deform 
inner tube 64 and bring it into contact with the inner surfece of outer tube 62 if inner tube 
64 is made to be relatively more flexible than outer tube 62. Alternatively, if outer tube 62 
is made to be relatively more flexible than inner tube 64, outer tube 62 may be brought 
into contact with the outer sur&ce of inner tube 64. 

[0069] In another variation, tubes 62, 64 may both be made to be flexible such that 
ibey are dmwn towards one another. In yet ano&er variation, i^ch may be less 
preferable* a positive force of air pressure or a liquid, e.g., water or saline, may be pumped 
into access lumen 68. The positive pressure from tiie gas or liquid may force the walls of 
inner tube 64 radiaUy into contact with the inner surface of outer tu^ Inanyofthese 
variations, contact between the two tubular surfaces will lock the tubes 62, 64 together by 
fiicfional force and make them less flexible. An elastomeric outer coveriiig 69. or similar 
material, may optionally be placed upon tiie outer sur&ce of outer tube 62 to provide a 
lubricious sur&ce to &cilitate the movement of guide 60 within the endoscopic device. An 
example of a device similar to guide 60 is discussed in further detail in U.S. Patent No. 
5,337,733, which has been incorporated herein by reference m its entirety. 
[0070] Another variation on the guide is shown in Figs. 6A and 6B which show 
cross-sectioned end and side views, respectively, of a guiding apparatus variation 70 whidi 
is rigidizable by a tensioning member 76. Tensioned guide 70 is shown comprised of a 
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series of individual segments 72 which are rotatably interiocked with one another in series. 
Each segment 72 may contact an adjoining segment 72 along a contactmg lip 78. Each 
segment 72 may further define a channel thereflirough vydiich, collectively along with the 
other segments 72, form a common channel 74 throughout a majority of flie length of 
guide 70. Segments 72 may be comprised of a variety of materials suitable for sustaining 
compression forces, e.g., stainless steel, thermoplastic polymers, plastics, etc. 
[00711 Proximal and distal segments of guide 70 may hold respective ends of 

tensioning member 76, which is preferably disposed within common channel 74 through 
guide 70. Tensioning member 76 may be connected to a tensionmg housing located 
externally of a patient. During use when the guide is advanced distally through an 
endoscope of the present invention, tensioning member 76 is preferably slackened or 
loosened enough such that guide 70 is flexible enough to assume a shape or curve defined 
by the endoscope. When guide 70 is desirably situated and has assumed a desked shape, 
tensioning member 76 may be tensioned. This tightening or tensioning of member 76 will 
draw each segment 72 tightly against one another along each respective contacting lip 78 
such that tibie guide 70 becomes rigid in assuming the desired shape. A lubricious 
covering, e.g., elastomers, etc., may be optionally placed over at least a majority of guide 
70 to fedlitate movement of the guide 70 relative to the endoscopic device. A similar 
concept and design is discussed in further detail in U.S. Patent No. 5,624,381, which has 
been incorporated herein by reference in its entirety. 

[00721 Figs. 7A and 7B show cross-sectioned end and side views, respectively, of a 
guiding i^paratus variation 80 which is rigidizable by a vacuum force vMch interlocks 
individual segments 82. Each segment 82 may be adjoined witibi adjacent segments by 
interlocking ball-and-sodcet type joints vMch are preferably gasketed at the inter&ces 86 
of each connection. Within each segment 82, with the exception of the distal segment, 
may be defined a channel which is narrowed at one md and flared at tibie opposite end. 
Collectively yfbm the segments 82 are adjoined into the structure of guide 80, each of the 
individual channels form a common channel 84 which extends through at least a noiaj ority 
of the segments 82 along the length of guide 80. At flie proximal end of guide 80 a 
vacuum pimip, which is preferably located externally of the patient, is fluidly connected to 
common channel 84. In use, once guide 80 is manipxilated in its flexible state within the 
endoscope to assume the desired shape or curve, ambient pressure may exist wittdn 
common channel 84. When the rigid shape of guide 80 is desired, the pump may then be 
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used to create a negative pressure within common channel 84 and this negative pressure 
draws each segment 82 into tight contact with one another to maintain the desired shape. 
When the vacuum force is released, each segment 82 would also be released and would 
thereby allow the guide 80 to be in its flexible state for advancement or withdrawal. Guide 
80 may further be surroimded by an elastomeric or lubricious covering to aid in the 
advancement or withdrawal of tiie guide 80 within the endoscopic device. 
[0073] Figs. 8 A and 8B show cross-sectioned end and side views, respectively, of 

yet another guiding apparatus variation 90 which is optionally rigidizable by either a 
vacuum force or a tensioning member which interlocks individual segments 92. Segment 
92 may be in the form of a segmented design with two opposed caps having a common 
channel 94 dejSned therethrough. Between each segment 92 are ball segments 96 which 
interfits along a contact rim or area 97 within each adjacent segment 92. Ball segments 96 
preferably contact adjacent cupped segments 96 within receiving channels 98 defined in 
each cup. When manipulated in its flexible state, guide 90 may be advanced or withdrawn 
or made to assume a desired shape or curve. When guide 90 is to be placed into its 
ri^dized shape, a vacuum force or tensioning member 99 may be utilized in the guide 90 
in similar manners as described above. Moreover, guide 90 may similarly be surroimded 
by an elastomeric or lubricious covering to aid in the advancement and withdrawal of the 
guide 90. 

[00741 Figs. 9A and 9B show representative end and side views, respectively, of 
another guiding apparatus variation 100. This variation 100 comprises individual 
segments 102 having a uniform sleeve section 104 m combination with an integrated 
curved or hemi^herical section 106. Each segment 102 is collinearly aligned with one 
anotiier with the sleeve section 104 recdving tiie curved section 106 of an adjacent 
segment 102, as shown in Fig. 9C, which is the cross-section of guide 100 fix)m Fig. 9B. 
The adjacent segments 102 may rotate relative to one another over tiie sleeve-hemisphere 
interfece while maintaining a common chatmel 108 through the guide 100. A tensioning 
member 110 may pass through channel 108 along tiie lengtii of guide 100 for compressing 
the individual segments 102 against one anoflier vfhea the entire guide 100 is rigidized. 
[00751 Fig. 1 0 shows the CTOSS-section of another variation 120 of the rigidizable 

guide apparatus. Representative segments are shown comprising spherical bead segments 
122 alternating with sleeve segments 124. Each of the bead and sleeve segments 122, 124, 
respectively, may have a channel defined therethrough which allows for a tensioning 
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member 126 to be run through the length of guide 120. The alternating segments allow for 
the rotation of the adjacent segments while the tensioning member 126 allows for the 
compression of the segments against one another when the guide 120 is to be rigidized in 
much the same manner as described above. 

[0076] An alternative variation on the rigidizable guide is illustrated in Figs. 1 1 A 
to 1 IC, which show a stififening assembly having separate rigidizable coaxially positioned 
guides. Fig. 1 1 A shows a representative number of nested segments 132 in nested 
stiffening assembly 130. Each nested segment 132 may be in a number of different 
configurations, e.g., ball socket joints, stacked ring-like segments, etc., with atensioning 
member 134 passing through each of the segments 132. For use with nested assembly 130, 
an annular stiffening assembly 140 may be seen in Fig. 1 IB. Annular assembly 140, of 
vAAdh only a few representative segments are shown, are comprised in this variation of 
annular segments 142 which may be stacked or aligned one atop each other. At least one 
tensioning member 144, and preferably at least two, may be passed through each of the 
annular segments 142. A central area 146 is defined in each annular segment 142 such that 
nested stiffening assembly 130 may be slidingly placed within the central area 146 defined 
by the annular stiffening assembly 140. Fig. 1 IC shows the stiffening assembly 130 
slidingly positioned within annular stiffening assembly 140 to form the coaxially aligned * 
stiffening assembly 150. Use of coaxial assembly 150 will be described in further detail 
below. 

[0077] Figs. 12A and 12B illustrate a variation of the endoscope advancing 

tbrougih a tortuous path, using an endoscope sitnilar to the variation of Fig. 2B. Fig. 12 A 
shows a patiiway with multiple turns 210, resembling a length of tiie colon. The distal half 
of the device 212 comprises a steerable distal portion 24 and a controllable proximal 
portion 28. The guide 51 is slidably held withm a lumen within the endoscope m tiie 
relaxed state. As tiie device 212 is advanced into the pattiway 210, the user steers the 
distal tip 24, and flie controllable segments 30 follow the curve selected by the user, 
navigating the chosen patiiway. While in the relaxed state, the guide 51 may passively 
assume tiie shape taken by the distal portion 24 and the controllable proximal portion 28 as 
they are steered along the path. Usually, the user may rigidize and/or "lock" the guide 51 
to assmne the curve of the selected pathway before the controllable proximal portion 28 
has advanced beyond the first curve 220. After being stiffened and locked into position, 
the endoscope can continue moving distally while still maintaining the selected pathway. 
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since the passive flexible proximal region 22 of the endoscope slides over the rigid guide 
51 and conforms to its shape, as shown in Fig. 12B. 

[0078] After rigidizing the guide, the user can continue to steer the distal end 24 as 

it is advanced, and tiie curves of the selected pathway are propagated proximally down the 
controllable segments 30 as the endoscope moves forward. This variation of the device is 
capable of conformmg to a selected pathway over the entire length of the endoscope, 
despite having a shorter guide 51 and controllable portion 28, since the combined length of 
the guide 51 and the controllable portion is prefembly equal to the length of the endoscope. 
[00791 ^ operation, any of the guiding apparatus as described above or one 

recognized by a person of skill in the art to be suitable for such use as described herein 
may be utilized. Figs. 13A to 13H illustrate a representative method of advancing a 
colonscopic device 20 as described herein with a representative guide 36 for advancement 
into a patient*s colon C. As seen in Fig. 13A, the steerable distal portion 24 of 
colonoscope 20 may be first advanced into the patient's rectum via anus A. The device 20 
may be simply advanced, either manually or automatically by a motor, until the first 
curvature is reached or alternatively until the segments of controllable portion 28 are 
withm colon C. At this point, the steerable distal portion 24 may be actively controlled by 
the physician or surgeon to attain an optimal curvature or shape for advancement of device 
20. The optimal curvature or shape is considered to be the path which presents the least 
amount of contact or interference from the walls of colon C. If the optional controllable 
portion 28 is used with the colonoscopic device 20, once the advancement position 160 has 
been determmed, the device 20 may be advanced fiirtti^ into the sigmoid colon S such that 
the automatically controlled segments of controllable portion 28 follow ibc distal portion 
24 while transmitting the optuxial curvature or shape proximaUy down 
segments of controllable portion 28. 

[0080] Alternatively, once stemble distal portion 24 has been steered or 

positioned for advancement 160, guide 36 may be advanced distally in its flexible state 
along or within device 20 until it reaches a distal position, i.e*, some point distal of the 
flexible proxunal portion 22 and preferably to the distal aid of Ae device 20, as shown in 
Fig. 13B. Preferably, guide 36 is advanced to the distal end of steerable distal portion 24 
or to the distal end of the optional controllable portion 28, if utilized, or to some point 
therebetween. Guide 36 may be advanced to any distal position as long as a portion of 
guide 36 attains the optimal curvature or shape. Prior to advancing the device 20 over 
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guide 36, the guide 36 may be left in its flexible state or it may be optionally rigidized, as 
discussed above. If left in its flexible state, guide 36 will still provide desirable column 
strength to Ae device 20 as it is advanced Ihrough colon C over the guide 36. It is 
preferable, however, that guide 36 is rigidized once it has attained and conformed to flie 
curvature. As tiie position of guide 36 is preferably rigidized and maintained, the device 
20 may then be advanced over the guide 20 in a monorail or '"piggy-back" fiishion so that 
liie flexible proximal portion 22 follows the curve held by guide 36 until the device 20 
reaches the next point of curvature. The following description discusses the use of the 
optional controllable portion 28; however, this portion 28 may be omitted fix>m the device 
20. 

[0081 J As shown from Fig. 1 3B to 1 3C, the curve is maintained by guide 36 until 

the steerable distal portion 24 has been advanced to the juncture between the sigmoid 
colon S and the descending colon D. At this point, the distal portion 24 may be actively 
steered by the physician using a variety of visualization techniques, e.g., steering via an 
optional imaging bundle 40 located at the distal end of the device 20. Once the optimal 
curve or shape has been determined, flie device 20 may be advanced to position 160. As 
the device fe moved distally, if the controllable portion 28 is utilized, portion 28 will 
automatically follow the path set by the distal portion \^e the flexible proximal portion 
follows the device 20 along the curvature defined by the guide 36. Otiierwise,if 
controllable portion 28 is omitted, guide 36 will have its curvature defined solely by 
steerable distal portion 24. Once the junction betwem the sigmoid colon S and descendii^ 
colon D has been traversed by the steerable distal portion 24 and the optional controllable 
portion 28, the guide may then be relaxed and advanced distally along the device 20 in its 
flexible state until it reaches tiie distal position in the device 20. As the guide 36 is 
advanced, it will attain and conform to a new curvature defined by the steerable distal 
portion 24 and/ox the controllable portion 28, as shown in Fig. 13D. 
[0082] Having attained a new curvature, guide 36 may again be rigidized to 
maintain this shape. While the guide 36 maintains this shape, the device 20 may be 
advanced fiirther distally along the descending colon D witii the help of the rigidized guide 
36 in the piggy-back manner described above to define the path for the flexible proximal 
portion 22 and to prevent excessive contact with the walls of colon C. As shown in Fig. 
13E, the device 20 has been advanced past the left (splenic) flexure F; in tiie manner 
described above until the optional controllable portion 28 has attained the optimal 
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curvature. The guide 36 may be relaxed again and advanced further distally in its flexible 
state, as shown from Figs, 13E to 13F. 

[0083] After guide 36 has assumed the desired curvature defined by the distal 
portion 24 and/or controllable portion 28, as shown in Fig. 13F, it may again be rigidized 
and the device 20 may then be advanced through the transverse colon T and around the 
right Qiepatic) flexure F, in mudi the same manner as described above and as shown in 
Fig. 13G. Once the distal portion 24 and the optional controllable portion 28 has 
controllably negotiated past the right (hepatic) flexure F,^ flie position of guide 20 may 
again be maintained while guide 36 is relaxed once again and advanced distally to assume 
the new curvature defined by distal portion 24 and/or controllable portion 28, as shown in 
Fig. 13H. After guide 36 is optionally rigidized again, device 20 may be advanced 160 
completely within the ascending colon G towards the cecum E for a complete examination 
of the colon C with minimal complication and effort. 

[0084] While the device 20 is advanced through the colon C, the physician or 

surgeon may stop the advancement to examine various areas along the colon wall using, 
e.g., the imagmg bundle 40. During such examinations, the guide 36 may be temporarily 
withdrawn manually or automatically firom the device 20 to allow for the insertion of other 
tools through the guide chaimel 50. After a procedure has been completed on the colon 
wall, the tool may be withdrawn from guide channel 50 and guide 36 may be reintroduced 
into the device 20 so that the device may optionally be advanced once again into colon C. 
[0085] To withdraw device 20 fiom within the colon C, the procedure above may 
be reversed, as shown in Fig. 14A, such that flie withdrawal 162 minimally contacts the 
walls of colon C. Alternatively, guide 36 may simply be removed from device 20, as 
showninFig. 14B, v*ile leaving device 20 within colon C The device 20 may sunply be 
wi&drawn by pulling the proxunal portion 22 to remove the device 20. This metibiod may 
rub or contact the device 20 upon the walls of colon C, but any impingement would be 
minimal. 

[0086] An altmiative method of advancing an endoscope through a tortuous path 
may be seen m Figs. 15A to 15C by using the rigidizable guide assembly 150 sem firam 
Fig. lie. Fig. 15A shows a pathway to be negotiated by endoscopic device 172. The 
pathway may represent a portion of colon 170. As device 172 is desirably steered to 
assume a curve, nested stiffening assembly 130 may be advanced distally within device 
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172 to distal end 174 while in a relaxed state. Alternatively, nested assembly 130 may be 
advanced in the flexible, relaxed state along with the distal end 174, 
[0087] Once the ciurve has been selected, nested assembly 130 may be stiffened to 

maintain its shape. At this point, annular stiffening assembly 140 may be advanced over 
nested assembly 130 towards distal end 174. Once assembly 140 has assumed the curve 
defined by assembly 130, annular assembly 140 may then be rigidized and nested 
assembly 130 may be relaxed into its flexible state, as shown in Fig. ISB. Then the distal 
end 174 may be further advanced with or without assembly 130 while being pushed along 
the curve defined by rigidized annular assembly 140, as shown in Fig. ISC. Once distal 
end 174 of device 172 has negotiated the curve, nested assraibly 130, after being advanced 
to distal end 174, may then be rigidized again and annular assembly 140 may be relaxed 
and advanced again over assembly 130 and so on until the desired treatment location has 
been reached within the body. 

[0088] Another alternative variation on advancing an endoscope through a tortuous 

path may be seen in Figs. 16A to 16E. This variation uses multiple guides which may be 
alternately rigidized while being advanced distally along the path. Fig. 16A shows a 
portion of the curved pathway in colon 170 with endoscope 180 being advanced 
therethrough. Multiple guides may be used in this variation, but preferably two guides are 
utilized, as described below. Any one of the rigidizable guide variations discussed herdn 
may be used solely or in combination with different types of guides in the same device 
180. Each guide may be advanced within its own lumen defined within the endoscope, or 
they may also share a common dedicated lumen. 

[0089] As device 180 approaches a curvature of colon 170, first guide 184 may be 

advanced towards ftesteerable distal end 182. While being advanced, first guide 184 is in 
a relaxed and flexible state allowing it to conform to the shfq)e defined by the distal end 
182. Having been advanced to distal end 182, as shown in Fig. 16B, first guide 184 is 
ri^dized to niaintain the shape defiiied by the steerable distal end 182. Device 180may 
tiien be advanced further distally into colon 170 ^;^e riding over rigidized first guide 184. 
[0090] After device 180 has been furdia: adimnced to a new position, second guide 
186 may also be advanced distally in its relaxed state through device 180 up to the distal 
end 182 while first guide 184 is preferably still rigidized, as shown in Fig. 16C. As second 
guide 186 advances, it may conform to a new shape defined by device 180. Second guide 
186 may then be rigidized to hold its shape. First guide 184 may be relaxed but its rigid 
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shape is preferably also maintained while the distal end 182 of device 180 is further 
advanced distally through colon 170, as shown in Fig. 16D. 

[00911 After device 180 has been advanced distally, first guide 184 may be relaxed 
and advanced through device 180 up to distal end 182 while the rigidity of second guide 
186 is maintained, as shown in Fig. 16E. Second guide 186 may be relaxed and then 
advanced in its flexible state distaUy through device 180 and so on. This process may be 
repeated as device 180 is required to negotiate arbitrarily tortuous paths. 
[0092] Although the endoscope of the presmt mvration has been described for use 
as a colonoscope, tiie endoscope can be configured for a number of other medical and 
industrial applications. In addition, the present invention can also be configured as a 
catheter, cannula, surgical mstrument or mtroducer sheaflx that uses the principles of the 
invention for navigating through tortuous body channels. The present invention may also 
be used for industrial applications such as inspection and exploratory applications wifliin 
tortuous regions, e.g., machinery, pipes, etc. 

[0093] In a variation of the method that is particularly applicable to laparoscopy or 

thoracoscopy procedures, the steerable endoscope can be selectively maneuvered along a 
desired path around and between organs in a patient's body cavity. The distal end of the 
endoscope may be inserted into the patient's body cavity through a natural opening, 
through a surgical incision or through a surreal cannula, introducer, or trocar. The 
selectively steerable distal portion can be used to explore and examine the patient's body 
cavity and to select a path around and between the patient's organs. The electronic motion 
controller in conj unction with the tracking rod can be used to control the automatically 
controlled proximal portion to follow the selected path and allow the rest of flie body to 
follow the tracking rod and, if necessary, to return to a desired location usiag the three- 
dimensional model in the electronic memory of tiiie electronic motion controller. 
Modification of tiie above-described assemblies and methods for carrying out the 
invention, and variatioiis of aspects of the invention that are obvious to those of s 
art are intended to be within the scope of the claims. 



26 



wo 03/073920 PCT/US03/06078 

CLAIMS 

We claim: 

1 . A method of advancing an instrument along an arbitrary path, comprising: 
selectively steering a distal portion of the instrument to assume a selected shape 

along an arbitrary path; 

advancing an elongate guide along tbe instrument such that a portion of the guide 
conforms to and assumes the selected shape; and 

maintaining a position of the guide while advancing the instrument along the guide 
such that a proximal portion of the instrument assumes the selected shape defined by the 
guide, wherein the elongate guide is freely sUdable along the instrument such that 
advancing of the instrument along the guide is unconstrained. 

2. The method of claim 1 wherein prior to advancing the elongate guide along the 
instrument, further comprising advancing the instrument distally while configuring a 
controllable portion of the instrument to assume the selected diape of the distal portion, 
wheiein the controllable portion is pioximal of the distal portion. 

3. The method of claim 1 further comprising measuring a depth change of tiie 
instrument while advancing the instrument distally. 

4. The method of claim 2 further comprising incrementing a current depth by the 
depth change. 

5. The me&od of claim 1 further comprising releasing tiie position of the guide 
and fiirther advancing the guide along the instrument 

6. The metiiod of claim 1 further conspriismg withdrawing the guide from the 
instrument 

7. The method of claim 1 wherein the elongate guide is advanced along the 
instrument through a lumen defined within the instrument 
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8. The method of claim 1 wherein the distal portion of the instrument selectively 
assumes a second shape when the instrument is advanced along the guide. 

9. The method of claim 8 further comprising advancing at least one additional 
elongate guide along the instrument such that the additional elongate guide conforms to 
and assumes the second shape. 

10. The method of claim 9 further comprising rigidizing the a^ 
guide such that the second shape is maintained by the additional guide. 

1 1 . The method of claim 1 wherein maintaining the position of the guide 
comprises rigidizmg the guide such that the guide rigidly assumes a position of the 
selected shape. 

12. The method of claim 1 1 wherein rigidizing the guide comprises applying 
tension to a tensioning member disposed within the guide such that a plurality of adjacent 
segments comprising the guide are compressed. 

13. The method of claim 1 1 wherein rigidizing the guide comprises applying a 
vacuum force withm a lumen defined within the guide such that a plurality of adjacent 
segments comprising the guide are conq)ressed. 

14. An apparatus for insertion into a body cavity, comprising: 

an elongate body having a proximal portion and a selectively steerable distal 
portion and defimng a lumen therebetween, the steerable distal portion being configurable 
to assume a selected shape along an arbitrary path; 

an elongate guide having a proximal section, a distal section, and a length 
therebetween, the guide being slidably disposed without constraint within the lumen for 
selectively supportmg the body, wherein the guide is configured to conform to and 
selectively maintain the selected shape assumed by the steemble distal portion, and 

wherein the proximal portion of the elongate body when advanced distally is 
configured to conform to the selected curve maintained by the guide. 
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15. The apparatus of claim 14 further comprising a controllable portion located 
proximally of the distal portion, wherein the controllable portion is configured to 
propagate the selected shape along the controllable portion. 

16. The i5)paratus of claim 14 viierem the selectively steerable distal portion is 
configurable via a control located externally of the body cavity. 

17. The apparatus of claim 14 wherein the proximal portion comprises a flexible 
tubular member. 

18. The apparatus of claim 15 wherein the controllable portion comprises a 
plurality of pivotally connected segments. 

19. The apparatus of claim 18 v^erein each of the segments comprises an actuator 
for propagating the selected sh^e along the controllable portion. 

20. The apparatus of claim 19 vdierein the actuator comprises a type of motor 
selected ftom the group consisting of pneumatic, hydraulic, electromechanical motors, and 
drive shafts. 

21. The apparatus of claim 18 v^erein the controllable portion comprises at least 
two pivotally connected segments. 

22. The apparatus of claim 14 wherein the elongate guide is configured to assume 
the selected shape when the guide is in a flexible state and wherein the guide is further 
configured to maintain the selected shape when the guide is in a ri^dized state. 

23. The apparatus of claim 22 wherem the elongate guide is configured to 
selectively rigidize along the length of the guide to maintain the selected shape in fhc 
rigidized state. 



29 



wo 03/073920 PCT/US03/06078 

24. The apparatus of claim 22 wherein the proximal section of the elongate guide 
is in communication with a guide controller for selectively rigidizing the guide along its 
length. 

25. The apparatus of claim 22 wherein the elongate guide comprises a plurality of 
adjacent segments each defining a channel flierethrough such that a common channel is 
defined through the length of the guide. 

26. The apparatus of claim 25 further comprising a tenaoning member disposed 
within the common channel such that applying a force to tibe tensioning member 
compresses the adjacent segments together. 

27. The apparatus of claim 25 wherein the elongate guide is configured to maintain 
a position of adjacent segments relative to each other upon applying a vacuum force witiiin 
the common chaimel. 

28. The apparatus of claim 14 further comprising an obstruction located within the 
lumen distally of tiie guide for preventing contamination of the guide. 

29. The s^paratus of claim 28 wherein the obstraction is selectively removable 
fi:om a passageway of tiie lumen. 

30. The q)paratus of claim 29 whetem the obstraction comprises a trap or an 
e3q)andable balloon. 

31. The apparatus of claim 14 further comprising at least one additional elongate 
guide having a proximal section^ a distal section, and a length therebetween, the additional 
guide also being slidably disposed within the elongate body and being configured to 
conform to and selectively maintain an additional selected curve assumed by the steerable 
distal portion. 

32. The apparatus of claim 14 further comprising a tubular covering disposed over 
at least a majority of the length of the elongate guide. 
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33. A method of advancing an instrument along an arbitrary path, comprising: 
selectively steering a distal portion of the instrument to assume a selected shape 

along an arbitrary path such that a portion of an elongate guide confonns to and assumes 
the selected shape; and 

maintaining a position of said guide while advancing said instrument along said 
guide such that a proximal portion of said instrument assumes flie selected shape defined 
by said guide, wherein said instrument is fireely slidable along said guide such that 
advancing said instrument along said guide is unconstrained. 

34. The method of claim 33 wherein prior to maintaining a position of said guide, 
further comprising advancing said instrument distally while configuring a controllable 
portion of said instrument to assume the selected shape of said distal portion, wherein said 
controllable portion is proximal to said distal portion. 

35. The method of claim 33 wherein maintaining the position of said guide 
comprises rigidizing said guide such that said guide rigidly assumes a position of the 
selected shape. 

36. The method of claim 35 v^dierein rigidizing said guide comprises applying 
tension to a tmsioning member disposed within said guide such that a plurality of adjacent 
segments comprising said guide are compressed. 

37. The method of claun 35 wherein rigidizing said guide comprises applying a 
vacuum force within a lumen defined within said guide such that a pluraUty of 
segments comprising said guide are compressed. 

38. The method of claim 33 further comprising wi&drawing said guide bom said 
instrument 

39. The method of claim 33 herein said guide is slidably located within said 
instrument through a lumen defined within flie instrument. 
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40. The method of claim 39 wherein prior to steering said distal portion of said 
instrument, the distal end of said guide is disposed within the distal end of said lumen. 

41 . A method of advancing an instrument along an arbitrary path, comprising: 
providing an instrument having a proximal end^ a controllable proximal portion, 

and a selectively steerable distal portion, and further providing an elongate guide having a 
distal portion positioned substantially adjacent to said distal portion of said instrument; 

selectively steering said distal portion of said instrument to assume a selected shape 
along a desired path; 

advancing said instrument distally along said desired path while controlling said 
controllable proximal portion to assume the selected shape of said distal portion such that 
said guide also assumes substantially the selected shape; and 

maintaining a position of said guide while advancing said instrument along said 
guide such that a proximal portion of said instrument assumes the selected shape defined 
by said guide, wherein said instrument is fireely slidable along said guide such tiiat 
advancing said instrument along the guide is unconstrained. 

42. The method of claim 41 wherein maintaining the position of said guide 
comprises rigidizmg said guide such that said guide rigidly assumes a position of the 
selected sh£^. 

43. The method of claim 42 vdierein rigidizing said guide comprises implying 
tension to a tensioning member disposed witiiin said guide such fhat a plurality of adjacent 
segments comprising said guide are compressed. 

44. The method of claim 42 i^erein rigidizing said guide comprises applying a 
vacuum force within a lumen defined within said guide such that a plurality of adjacent 
segments comprising said guide are compressed. 

45. The method of claim 41 further comprismg withdrawing said guide from the 
instrument 
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46. An apparatus for insertion into a body cavity, comprising: 

an elongate body having a selectively steerable distal portion adapted to assume a 
selected shape along an arbitrary path, a controllable proximal portion located proximal to 
said steerable distal portion, adapted to propagate the selected shape, and a flexible 
proximal portion proxin^l to said controllable pioximal portion; and 

an elongate guide having an axial length that is less than an axial length of said 
elongate body, wherein said guide is configured to conform to and selectively maintain the 
selected shape assumed by said steerable distal portioI^ 

wherein said flexible proximal portion of said elongate body is adapted to conform 
to a selected shape maintained by said guide. 

47. The apparatus of claim 46 wherein said axial length of said guide is 
approximately equal to a combined length of said controllable proximal portion and said 
steerable distal portion. 

48. The apparatus of claim 46 wherein said elongate body defines a lumen 
therethrough. 

49. The apparatus of claim 48 wherein said guide is slidably disposed within said 

lumen. 

50. The apparatus of claim 46 wherein said selectively steerable distal portion is 
controUable.via a control located externally of the body cavity. 

51. The q)paratus of claim 46 i?^erein said a length of said proxhnal controllable 
portion is q)proximately equal to half the length of said elongate body. 

52. The apparatus of claim 46 wherein said proxhnal controllable portion 
comprises a plurality of pivotally connected segments. 

53. The apparatus of claim 52 wherein each of said segments comprises an 
actuator for propagating the selected shape along said proximal controllable portion. 
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54. The apparatus of claim 53 wherein said actuator comprises a type of motor 
selected ftom the group conasting of pneumatic, hydrauUc, electromechanical motors and 
drive shafts. 

55. The apparatus of claim 53 wherein said actuator comprises a tendon. 

56. The apparatus of claim 46 wherein said guide is configured to assume the 
selected shape when the guide is in a flexible state and ytein said guide is further 
configured to maintain the selected shape when the guide is in a ligidized state. 

57. The apparatus of claim 56 wherein said guide is configured to selectively 
rigidize along the length of said guide to maintain the selected shape in the rigidized state. 

58. The apparatus of claim 56 wherein the proximal section of said guide is m 
communication with a guide controUer for selectively rigidizing the guide along its length. 

59. The ^paratus of claim 56 wherein said guide comprises a plurality of adjacent 
segments each defining a channel therethrough such that a common channel is defined 
through tiie lengQi of ibis guide. 

60. The apparatus of claim 59 fiirther comprismg a tensioning member disposed 
ydlhin said common channel such fliat flying a force to said tensioning member 

conq>resses said adjacent segmrats together. 

61 . The apparatus of claim 59 v^erem said guide is configured to maintain a 
position of said adjacent segments relative to each other upon applying a vacuum force 
within said common channel. 

62. The i5)paratus of daim 46 further comprising a suction device for withdrawing 
a gas from the body cavity through the elongate body. 

63. The apparatus of claun 62 wherein the suction device is in fluid 
communication with a suction port defined on an outer surface of said elongate body. 
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64. The apparatus of claim 62 wherein said suction device is controllable via a 
controller located externally of the body cavity 

65. The apparatus of claim 62 wherein said suction device is configured to operate 
continuously. 

66. An apparatus for insertmg into a body cavity comprising: 

an elongate body having a proximal portion and a selectively steerable distal 
portion and defining a lumen therebetween, the steerable distal portion being configurable 
to assume a selected shape along an arbitrary path; 

a suction device for withdrawing a gas fi:om the body cavity and through the 
elongate body, wherein the suction device is in fluid communication with a suction port 
defined on an outer surface of said elongate body; 

an elongate guide having a proximal section, a distal section, and a length 
therebetween, said guide being slidably disposed without constraint within said lumen for 
selectively siq)porting said body, wherein said guide is configured to conform to and 
selectively mami^m the selected sh^ assumed by said steerable distal portion, and 

wherein said proximal portion of said elongate body when advanced distally is 
configured to conform to the selected curve maintained by said guide. 
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